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Abstract: The objective of the paper is to carry out Response spectrum analysis (RSA) and Time history 
Analysis (THA) of vertically irregular RC building frames and to carry out the ductility based design 
using IS 13920 corresponding to Equivalent static analysis and Time history analysis. Three types of 
irregularities namely mass irregularity, stiffness irregularity and vertical geometry irregularity were 
considered. According to our observation, the storey shear force was found to be maximum for the first 
storey and it decreases to minimum in the top storey in all cases. The mass irregular structures were 
observed to experience larger base shear than similar regular structures. Three types of irregularities 
namely mass irregularity, stiffness irregularity and vertical geometry irregularity were considered. The 
mass irregular structures were observed to experience larger base shear than similar regular structures. 
The stiffness irregular structure experienced lesser base shear and has larger inter-storey drifts. The 
absolute displacements obtained from time history analysis of geometry irregular structure at respective 
nodes were found to be greater than that in case of regular structure for upper stories but gradually as 
we moved to lower stories displacements in both structures tended to converge. Lower stiffness results in 
higher displacements of upper stories. 
Keywords: RSA; Seismic Analysis; Pushover Analysis; Irregular Structure; Storey Displacement ; Base 
Reaction;   
I. INTRODUCTION: 
Response spectrum is one of the useful tools of 
earthquake engineering for analyzing the 
performance of structures especially in 
earthquakes, since many systems behave as single 
degree of freedom systems. Thus, if you can find 
out the natural frequency of the structure, then the 
peak response of the building can be estimated by 
reading the value from the ground response 
spectrum for the appropriate frequency. In most 
building codes in seismic regions, this value forms 
the basis for calculating the forces that a structure 
must be designed to resist (seismic analysis). 
Response-spectrum analysis (RSA) is a linear-
dynamic statistical analysis method which 
measures the contribution from each natural mode 
of vibration to indicate the likely maximum seismic 
response of an essentially elastic structure. 
Response-spectrum analysis provides insight into 
dynamic behaviour by measuring pseudo-spectral 
acceleration, velocity, or displacement as a function 
of structural period for a given time history and 
level of damping. It is practical to envelope 
response spectra such that a smooth curve 
represents the peak response for each realization of 
structural period. IS 1893 definition of Vertically 
Irregular structures the irregularity in the building 
structures may be due to irregular distributions in 
their mass, strength and stiffness along the height 
of building? When such buildings are constructed 
in high seismic zones, the analysis and design 
becomes more complicated.  
1. Plan Irregularities  
2. Vertical Irregularities. 
These structures constitute a large portion of the 
modern urban infrastructure. Vertical irregularities 
are one of the major reasons of failures of 
structures during earthquakes. For example 
structures with soft storey were the most notable 
structures which collapsed. So, the effect of 
vertically irregularities in the seismic performance 
of structures becomes really important. Height-wise 
changes in stiffness and mass render the dynamic 
characteristics of these buildings different from the 
regular building. As per IS 1893, the irregularity in 
the building structures may be due to irregular 
distributions in their mass, strength and stiffness 
along the height of building. When such buildings 
are constructed in high seismic zones, the analysis 
and design becomes more complicated hence 
structural engineer needs to have a thorough 
understanding of the seismic response of irregular 
structures. 
II. RELATED STUDY: 
In recent past, several studies have been carried out 
to evaluate the response of irregular buildings. Soni 
A.(2015) discussed the performance evaluation of 
RC Buildings with various frames with different 
irregularities & proves that irregularities in 
buildings are harmful for the structures and it is 
important to have simpler and regular shapes of 
frames as well as uniform load distribution of load 
around the building. S. Mahesh & Rao B.P. ( Nov 
2014) studied the behaviour of multi-storeyed 
building of regular & irregular configuration 
assuming earthquake. For problem formulation 
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residential G+11 multi story building is used. 
Assuming that material property is linear static and 
dynamic & by considering different seismic zones 
and three different types of soils namely Hard , 
Medium and Soft .The analysis were done by two 
software ETABS and STAAD PRO & proves 
STAAD PRO has more values. By using the soft 
computing tool and commercial software 
CSIETABS, Shaikh Abdul & DeshmukhG. 
(2014)studied the response of a G+10-storeyed 
vertically irregular frame to lateral loads for 
stiffness irregularity .The seismic analysis of RCC 
building with mass irregularity at different floor 
levels have been studied by Padol S. &Talikoti 
R.(2015). Poonam & Anilkumar (2012) 
investigated the response of a 10-storeyed plane 
frame to lateral loads for mass and stiffness 
irregularities in the elevation introduced by 
changing the properties of the members of the 
storey under consideration. Soni D. (2006) agreed 
on the increase in drift demand in the lower portion 
of set-back structures and on the increase in seismic 
demand for buildings with discontinuous 
distributions in mass, strength and stiffness. The 
largest seismic demand was found for the 
combined stiffness and strength irregularity. 
Sadjadi (2007) presented an analytical approach for 
seismic assessment of RC frames using nonlinear 
time history analysis and push-over analysis & 
concluded that both the ductile and the less ductile 
frames behaved very well under the earthquake 
considered, while the seismic performance of the 
GLD structure was not satisfactory. Athanassiadou 
C.J. (2008) concluded that the effect of the ductility 
class on the cost of buildings is negligible, while 
performance of all irregular frames subjected to 
earthquake appears to be equally satisfactory, not 
inferior to that of the regular ones, even for twice 
the design earthquake forces.  
III. METHODOLOGY AND MATERIALS: 
Ductility in the structures results from inelastic 
material behaviour and reinforcement detailing 
such that brittle fracture is prevented and ductility 
is introduced by allowing steel to yield in a 
controlled manner. Thus the chief task is to ensure 
that building has adequate ductility to withstand the 
effects of earth quakes, which is likely to be 
experienced by the structure during its lifetime. 
Ductility of the structure acts as a shock absorber 
and reduces the transmitted forces to the structure. 
Response Structure analysis was performed on 
regular and various irregular buildings using Staad-
Pro. The storey shear forces were calculated for 
each floor and graph was plotted for each structure. 
IV. EXPERIMENTAL ANALYSIS: 
The growth in computer processing power has 
made possible a continuous drive towards 
increasingly accurate but at the same time more 
complex analysis method. Thus the state of the art 
has progressively moved from elastic static analysis 
to dynamic elastic, non-linear static and finally 
nonlinear dynamic analysis. In the present scenario, 
because of the wide range of geometry possible, the 
accumulated understanding is still limited, thus 
there is need of an attempt to investigate the 
behaviour of vertical geometrically RCC building 
frame. 
 
Fig.4.1. plan of regular structure 
 
Fig.4.2. 3D view of model. 
Mass Irregular Structure(10 storeys): The structure 
is modelled as same as that of regular structure 
except the loading due to swimming pool is provide 
in the fourth and eighth floor. 
Height of swimming pool considered- 1.8m loading 
due to swimming pool-18kN/m
2
 
 
Fig.4.3. Load applied time. 
Vertically Geometric Irregular- The structure is 14 
storied with steps in 5
th
 and 10
th
 floor. The setback 
is along X direction. Width of top storey= 20m 
Width of ground storey=40 40/20=2>1.5. 
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Fig.4.4. Vertical Geometric irregular structure. 
 
Fig.4.5. Graphical representation. 
The storey shear force is maximum in ground 
storey and it decreases as we move up in the 
structure. Mass irregular storey shear force is more 
in lower storeys as compared to regular structure. 
The graph closes in as we move up the structure 
and the mass irregular storey shear force becomes 
less than that in regular structure above 8
th
 storey. 
 
Fig.4.6. Time history displacement of the 
highlighted node of regular structure. 
V. CONCLUSION: 
From above Analysis & various pushover curves of 
regular & irregular frames it is seen that the yield 
force is more in case of regular structure & less in 
case of irregular structure while the yield 
displacement value is also more in regular structure 
& less in irregular structure. Therefore it has been 
concluded that irregular structure cannot sustain 
more force as compared to regular structure hence 
structure becomes damage. The analysis proves 
that irregularities are harmful for the structures and 
it is important to have simpler and regular shapes 
of frames as well as uniform load distribution 
around the building. Therefore, as far as possible 
irregularities in a building must be avoided. But, if 
Irregularities have to be introducing for any reason, 
they must be designed properly. 
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